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Causes of intraoperative hypoxaemia may involve an increase in ventilation-perfusion (~'/Q) inequality, i Severe pulmonary atelectasis, although occurring in up to 2.8% of patients after general anaesthesia,2 is an extremely rare cause of severe life-threatening intraoperative hypoxaemia. 3 We report a case of a patient with acute intraoperative atelectasis and profound hypoxaemia, and discuss the management thereof.
Case report
The patient, a 50-yr-old, 70-kg man was presented for open reduction and internal fixation (ORIF) of the right acetabulum. Twelve days previously he had been injured in an automobile accident and at another hospital underwent exploratory laparotomy for a suspected rupture of the left hemi-diaphragrn and possible visceral injury. The chest x-ray (CXR) showed the stomach bubble and splenic flexure in the lower left chest with no sharply demarcated diaphragmatic surface. However, the diaphragm was found to be intact, a superficial liver laceration had stopped bleeding and a pelvic haematoma was noted from a right acetabular fracture. In view of these findings, a congenital eventration of the diaphragm was diagnosed. The lungs were ventilated for 24 hr postoperatively. Five days after the initial injury the patient was transferred to our institution for further orthopaedic management.
Preoperative assessment (I 1 days post-injury) revealed a 100 pack year smoking history and two previous general anaesthetics without known respiratory complications, a respiratory rate of 20, absent air entry to auscultation at the left base, and on CXR, a persistently elevated and poorly visualized left diaphragm with small bilateral pleural effusions, despite intermittent positivepressure breathing (IPPB) and albuterol therapy ( Figure  1 ). Other medications included ranitidine and acetaminophen. On the day before surgery, a spot oxygen saturation check (SpO9 was 100% whilst breathing 2 L 02 by nasal cannulae. Haemotological variables and electrolytes were normal. The following morning an epidural catheter was placed at the L3_4 level. A sensory level at Ts was achieved with 6 ml lidocaine 2% and subsequent addition of 25 ml bupivacaine 0.5%. On transfer to the operating room (OR) the patient was lying supine without distress but SpO2 was 86% breathing room air, heart rate (HR) was 102 bpm and NIBP was 150/85 mmHg. While breathing 100% 02, SpO~ increased to 99%. In view of the low SpO2, lateral position required for surgery and persistent CXR findings, it was decided to intubate the trachea to facilitate intermittent positive-pressure ventilation (IPPV) with positive end expiratory pressure (PEEP) and pulmonary toilet. General anaesthesia was induced with fentanyl 250 ~tg and etomidate 24 mg. Tracheal intubation with a 8.5 mm endotracheal tube (ETY) was facilitated with succinyleholine 100 mg. Cricoid pressure was maintained until ETT position was confirmed. Breath sounds were present bilaterally but absent at left base. A nasogastric tube was passed to decompress the stomach. Anaesthesia was maintained with isoflurane in 40% 02 after neuromuscular blockade with vecuronium. The SpO2 was 94-96%. Within 25 rain of transfer to the left lateral position for surgery SpO~ decreased to 85%, despite increasing FIO2 to 1.0. Auscultation revealed absent breath sounds at the left base with poor apical air entry as well. Arterial blood gas analyses demonstrated PaO2 of 48-54 mmHg with PaCO2 of 56-58 mmHg and pH of 7.32. The E'I'T was suctioned and pulled back 2 cm and manipulations of tidal volume (VT) , PEEP (to 15 cm water) and manual ventilation to airway pressures of 45-50 cm water did not improve SpO2. As ventilation remained difficult, fibreoptic bronchoseopy was done. Correct ETI" position was eonftrmed, the fight bronchi were clear and both the left upper (LUL) and lower (LLL) bronchi were draining tenacious white secretions which were aspirated. For 20 rain preceding and during bronchoscopy the SpO 2 had decreased to 60-70% and did not improve after bronchoscopy. Ephedrine, 50 mg, and phenylephrine, 300 ~tg, were required to maintain mean arterial pressure >60 rnmHg. The surgeons rapidly concluded surgery and the patient was placed in the supine position. An immediate CXR showed widespread opacitication of the left hemithorax with decrease of the left lung volume (Figure 2 ). The trauma surgeons who had been summoned due to the possibility of an acute diaphragmatic rupture (as well as suspected atelectasis), repeated bronchoseopy. Thick mucus in the LUL and LLL bronchi was aspirated again with extensive saline lavage. The SpO2 improved to 99% and an FIO 2 of 1.0 with 10 cm PEEP, increased PaO2 to 105 mmHg.
The patient was transferred to the surgical intensive care unit (SICU) for continued lung ventilation. After two hours, SpO2 decreased to 91% and PaO2 to 76 mmHg. Repeat CXR showed LLL subsegmental atelectasis and some RML and RLL atelectasis (Figure 3) . Repeat bronchoscopy showed some airway oedema with thin secretions aspirated from the right bronchi and thick blood-tinged mucus from the left bronchi.
The patient's respiratory status improved slowly with progressive clearing of bilateral patchy densities. Mechan-9 ical ventilation was weaned by the fourth postoperative day with continuation of oxygen therapy and aggressive pulmonary toilet. By day 11, his SaO2 was 96 to 100% breathing RA; O2 therapy was weaned, and he was discharged some days later.
Discussion
Intraoperative atelectasis is a rarely reported but impor-FIGURE 3 Post-bronchoscopy chest x-ray in the surgical intensive care unit.
tant event. 3-6 Our report highlights the often precipitous onset of hypoxaemia associated with considerable pulmonary collapse. Samuels and Brodsky documented patients undergoing orthopaedic surgery following motor vehicle trauma as being at increased risk for this complication. 3 The hip injury in this patient impeded mobilization and lung expansion despite respiratory therapy and IPPB. Although IPPB has been shown not to prevent postoperative pulmonary complications after abdominal surgery, 7 this patient may have benefited from more vigorous preoperative preparation including bronchoscopy to attempt re-expansion of the left lung. The congenital eventrafion of the diaphragm may have predisposed the patient to pulmonary complications although the development of right-sided ateleetasis and the fourday period required for weaning from ventilation indicated more widespread involvement. The patient's unexpected hypoxaemia on arrival in the OR after a previously documented SpO2 of 100% could be ascribed to a combination of sedation given for performance of the epidural block (100 lag fentanyl) and impaired intercostal muscle function with a Ta sensory level. A patient with chronic obstructive pulmonary disease who developed right total right lung atelectasis under epidural anaesthesia has been reported. 5 Functional residual capacity (FRC) is decreased rapidly following induction of general anaesthesia, a Because this would worsen atelectasis and shunt, and because of the patient's suspected gastric distension, it was decided to intubate the trachea to provide IPPV, PEEP and pulmonary toilet to facilitate improved oxygenation. In the lateral position gravity-related perfusion is preferentially directed to the dependent lung. 9
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However, in this patient with airway obstruction to the dependent lung, ventilation was predominantly to the right lung causing an exaggeration of the normal (9/ Q) mismatch induced by anaesthesia and muscle paralysis t~ leading to an increased shunt arid severe hypoxaemia.
Studies of the effects of isoflurane on hypoxic pulmonary vasoconstriction (HPV) have not always provided consistent results. ~,~2 This patient effectively developed one-lung ventilation in the non-dependent lung and HPV might have improved ~'/0 matching. The importance of HPV impairment by isoflurane in this patient is unclear as the volatile agent was used at < 1 MAC and intermittently discontinued at critical periods.
Atelectasis developed despite adequate tidal volumes and PEEP and proved resistant to manipulation of ventilatory pressures and pattern. The reduction in FRC with induction of anaesthesia may be partially reversed with PEEP R3 with improved ventilation of dependent lung regions. ~4 However, its ability to improve oxygenation considerabty during anaesthesia has been questioned, ts In the lateral position PEEP forces more perfusion towards the dependent lung 14 and impedes cardiac output. 16 As this patient was dependent on an effective "~/0 match in the nondependent lung, the PEEP applied to attempt expansion of the dependent lung worsened the v / Q mismatch in the nondependent lung. Differential ventilation with selective PEEP to the dependent lung provides better oxygenation. ~7 While theorelically attractive, insertion of a double lumen tube in this patient would have been difficult due to the severe hypoxaemia and lateral position.
The intraoperative hypercarbia in this patient could be ascribed to the relative alveolar hypoventilation (related to increased airway pressures) and increased physiological dead space imposed by a decrease in cardiac output and pulmonary blood flow. The combination of increased alveolar pressure and presumed decrease in pulmonary artery pressure exacerbated the "~/0 mismatch by increasing West's zone I conditions.9
Although some secretions were aspirated at initial bronchoscopy the severe hypoxaemia at the time precluded extensive lavage. Clearance of secretions from the dependent lung was also inhibited by gravity and only repeat bronehoscopy, with the patient in the supine position, improved lung expansion and oxygenation.
The primary mechanism of ateleetasis in this patient is unclear. Documentation of correct ETT position on initial bronchoscopy would exclude absorption atelectasis due to fight endobronchial intubation or unilateral reinration pulmonary oedema. Although compressive atelectasis due to hydrostatic collection of pleural fluid is a possibility, the rapid clinical deterioration in the lateral position would nullify this as a sole cause. Because of predisposing factors to secretion retention, the dramatic response to aspiration and lavage of tenacious secretions at repeat bronchoscopy and the subsequent course with atelectatic changes in the right lung, airway obstruction may have been a factor in the development of the acute atelectasis.
This report highlights a rare but profound cause of intraoperative hypoxaemia. In the patient at risk, strict attention should be given to preoperative preparation and intraoperative positioning. Availability of fibreoptic bronchoscopy to aid diagnosis and management 3-5 is mandatory as acute collapse may lead to life-threatening hypoxaemia in the OR.
